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"Technical Response to Teligent DEMSIBSS Interference fi.nalysis and
Proposed Solution"; EXPARTE

Dear Mr. Caton:

Attached is a paper prepared by DIRECTV entitled "Technical Response to
Teligent DEMS/BSS Interference Analysis and Proposed Solution," in which DIRECTV outlines
an approach for resolving interference issues with DEMS licensees at 24 GHz, and responds to
technical analyses set forth in certain DEMS licensees' Joint Opposition to Petition for
Rulemaking of DIRECTV Enterprises, Inc., RM No. 9118, filed July 31,1997.

Rather than adopt the DEMS licensees' approach of viewing BSS system/DEMS
co-existence in terms of mandatory separation distances, DIRECTV believes that a coordination
approach based on determining an appropriate signal power flux density imposed at the DEMS
node site vis-a.-vis BSS uplinks, combined with individualized shielding efforts in particular
markets, would be a workable and productive method of resolving potential interference issues
between BSS operations and DEMS licensees in the 24 GHz frequency band, Of course, by
submitting this analysis, DIRECTV does not concede that any of the FCC's actions in relocating
DEMS licensees to date are legally supportable, or that the 24 GHz band is the proper spectrum
in which to relocate DEMS if nationwide relocation from 18 GH~ in ~:ct i,S eve~ nel'ssar~
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Thank you for your consideration. Please contact the undersigned should you
have any questions. Copies of this submission are being provided to Commission staff and
parties on the attached service list.

Very truly yours,

etp~~·0
James H. Barker
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TECHNICAL RESPONSE TO TELIGENT DEMS/BSS INTERFERENCE ANALYSIS
AND PROPOSED SOLUTION

August 27,1997

DIRECTV ENTERPRISES, INC.

1. INTRODUCTION

This paper responds to Teligent's analysis of the interference potential from
proposed BSS feeder links at 25.05-25.25 GHz into DEMS nodal stations and proposes an
alternate solution to the establishment of large geographic exclusion zones where BSS feeder
links may not operate, as Teligent has proposed. Teligent's analysis is contained in the Joint
Opposition to Petition for Rulemaking of DIRECTV Enterprises, Inc. in FCC RM 9118 (July 31,
1997). In the final analysis, DIRECTV shows (iJ how it is possible for BSSfeeder links and
DEMS nodes to share spectrum on a cofrequency basis at distances in the range of2/10 ofa
mile, and (iiJ why the 100-300 mile separation distances that Teligent proposes are simply
unnecessary to ensure the successful coexistence and operation ofDEMS and BSS systems.

DIRECTV has maintained that the interference potential from BSS feeder links
into the DEMS service will not preclude shared use of the 200 MHz of spectrum from 25.05 to
25.25 GHz in the same geographic vicinity, as long as the affected parties are committed to
maximizing use ofthe limited spectrum resource. Teligent contends that the proposed BSS
feeder links will present an unacceptable potential for interference if they are located within 100
300 miles of a DEMS receiver. Such a limitation would preclude BSS feeder links from being
located within a reasonable distance of a major metropolitan area, and therefore would be
unacceptable to a BSS operator.

The fundamental flaw in Teligent's analysis is its basic premise that the terms for
BSS feeder link and DEMS coexistence should be based on the minimum separation distance
that is needed to afford protection to DEMS receivers in a theoretical worst case interference
analysis. To the contrary, there is no need to establish "stay out zones" for BSS uplinks as long
as an appropriate signal power flux density limit is imposed at the DEMS node site with respect
to the signal emitted by the BSS uplink. Such an approach would provide the BSS uplink
operator with many different ways to reduce its emissions in the direction of the DEMS nodal
site, while facilitating the cofrequency operation ofBSS uplink sites in major metropolitan areas,
and still fully protecting closely neighboring DEMS operations.

2. METHOD OF ANALYSIS

The maximum allowable interference level from a BSS uplink into a DEMS nodal
receiver is first calculated simply by adding an acceptable margin to the DEMS receive system
noise floor. Although DIRECTV's parameter values are different from Teligent's most recent
analysis for reasons explained below, the concept is the same. Using a DEMS nodal noise
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temperature of30.6 dBoK, the DEMS noise floor is established at -198.0 dBoK (-228.6 + 30.6).
Adding an IolNo margin of -12 dB, the maximum allowed interference level is -210.0 dBW/Hz,
which DlRECTV uses as the maximum interference level from a satellite uplink station (line 13
of attached spreadsheet). To get power flux density, one must "back out" (subtract) the receive
antenna gain and the isotropic area. This yields a maximum power flux density at the DEMS

2node of -176.6 dBW/m 1Hz (-210 - 16 - (-49.4)).

DlRECTV maintains that with a maximum BSS uplink interference power
defined, appropriate interference mitigation techniques can be employed on a case-by-case basis
to allow maximum flexibility for the location of both services.

3. INTERFERENCE MITIGATION TECHNIQUES

Less than a year ago, when Teligent's affiliates were encouraging the use of
sharing techniques to facilitate co-frequency use of the spectrum at 18 GHz by DEMS and the
satellite services proposed by Teledesic, Teligent advocated the use of standard mitigation
techniques, such as antenna shielding, to reduce the possibility of satellite receivers experiencing
unacceptable interference from DEMS transmitters. See "Coordination Approaches and
Interference Mitigation Techniques for the 18.8-19.3 GHz Band," December 16, 1996, prepared
for Microwave Services, Inc. and Digital Services, Inc. (attached as Exhibit A). Curiously, now
that the tables are turned and Teligent is the potential interference "victim," Teligent now does
not even consider the effect of mitigation techniques to limit the potential for interference from
BSS feeder links.

Only nine months ago, Teligent's affiliates argued that if interference is predicted
to occur, there are a number of choices that are available to the potential interferor: (i) move the
proposed transmitter to a different location at the site to take advantage of natural shielding, such
as topography or preexisting building blockage, (ii) add shielding to the antenna of either the
transmitter or the affected receiver, or (iii) coordinate with the potentially affected party through
the exchange of detailed system information.

DIRECTV does not intend to provide a comprehensive analysis of mitigation
techniques in this paper. A brief discussion of potential solutions will suffice to make the point
that mitigation techniques exist that will greatly reduce the potential interference into a DEMS
receiver from a BSS feeder link station. These mitigation techniques include the following,
which can be used alone or in combination to achieve the desired level of mitigation:

• Existing Shielding: Use of existing shielding can provide sufficient attenuation of
interfering signals to allow sharing of frequencies in many areas. As stated in the
report sponsored by Teligent's affiliates referenced above (Exhibit A at 4-5):

"Physical separation employs shielding to assure that the signal
strength of the wanted signal is much higher at the receive location
than the signal strength of the unwanted signal. Most shielding
occurs naturally, rather than being installed to solve a specific
interference problem. The curvature of the earth provides
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shielding; a radio signal that propagates along a straight line is
blocked by the curvature of the earth. Irregular terrain provides
shielding, and the magnitude of this shielding can be calculated
using digitized terrain maps and commonly applied methods of
evaluating losses on diffraction paths."

"Buildings cause shielding, but until recently databases did not
exist to support calculations of the shielding caused by buildings.
Now, however, there are databases of building locations, shapes
and heights for use in signal propagation calculations."

"Preliminary analyses of such data show that in Washington, DC,
blockage by intervening buildings results in a relatively high
likelihood of path blockage between any two buildings in town."

"Foliage losses also contribute to isolation between stations, but
the effects are seasonally and environmentally dependent.
Nonetheless, any predicted mitigation losses due to earth
curvature, terrain and building blockage will be enhanced in some
cases due to foliage losses."

• Additional Shieldin~: Artificial shielding can be added at the feeder link site to
reduce the RF energy incident at a DEMS node. The use of shielding fences and
berms (and/or recessing the feeder link antenna into the ground) are methods that can
be employed by the feeder link operator to mitigate the potential interference.

Minimal shielding methods such as a metallic fence designed to reflect RF energy
away from the potential victim can be expected to provide at least 15 dB of
attenuation. More advanced shielding methods such as absorptive shielding, where
rubber is treated with ferrous-oxide (to convert RF energy into heat) can be used as a
stand-alone shield or in combination with reflective shielding to provide 30 dB or
more of attenuation. Berms have been estimated to provide more than 40 dB of
interference protection, and would be the optimum technique to use where the two
services are located close to each other.

• Information Sharing: As advocated in this same report, the sharing of key
information such as transmitter and receiver locations, power levels, antenna patterns
and configurations (direction of beam peaks), is essential to spectrum sharing.
DIRECTV supports this method.

4. POINTS OF ISSUE WITH TELIGENT'S ANALYSIS

As noted above, Teligent's focus on separation distance alone proceeds from a
false premise. In addition, Teligent's conclusion that separation distances of 94 to 316 miles are
required is based on analysis that ignores or exaggerates several critical parameters and thereby
vastly overstates the scope of interference potential. Even considering the effect of the move of
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DEMS from 18 to 25 GHz, Teligent offers no explanation of why it has altered the parameters
that it previously used for analyzing the potential for interference into DEMS from satellite
services when Teligent was attempting to prove that DEMS licensees could coexist with the
Teledesic system. The discrepancies in Teligent's analysis are delineated below:

• Teligent' s claim for separation distances of 94 to 316 miles ignores the effect of the
radio horizon (radio waves at 25 GHz will not bend significantly over the horizon).
Teligent plans to mount nodal antennas on building tops. If, for example, a nodal
receive antenna were mounted on the World Trade Center (Promenade Deck - ht:
1377 ft.), the radio horizon is 45.4 miles. Proposing separation distances that extend
beyond the radio horizon does not make sense. Using a more realistic node height of
200 feet, the radio horizon is 17.3 miles. Yet even that distance is inappropriate as a
"stay out zone" because interference mitigation techniques can almost eliminate
uplink interference in the "worst case" direction.

• In a previous analysis submitted to the Commission by Teligent's affiliates when
Teligent was attempting to demonstrate its sharing capabilities ("Setting the Record
Straight: Interference Issues Between 18 GHz DEMS and the Proposed Teledesic
NGSO-FSS Satellite System," October 11, 1996, by Eric N. Barnhart), Teligent's
sample link budget used a receive antenna gain for the nodal station of 16 dBi, which
corresponds to a beamwidth of approximately 120 degrees. Teligent's analysis now
uses a significantly higher nodal receive antenna gain of23.8 dBi, which corresponds
to a beamwidth of only about 20 degrees. A 120 degree sector antenna at 25 GHz
will have the same gain as a 120 degree antenna at 18 GHzl. Use of a higher receive
gain in this case (where Teligent does not want to share) increases the separation
distance that Teligent calculated when it wanted to share.

• The system noise temperature that Teligent uses also has changed without any
explanation. While Teligent used 30.6 dBOK last October in analyzing the Teledesic
case, it now employs a value of 29.1 dBOK. The use of a lower noise temperature in
Teligent's analysis makes the DEMS system seem more susceptible to interference.
Typically, system noise temperature increases with frequency when similar
components are used. This is the case because the source resistance of a device
increases as the wavelength decreases. Thus, one would expect a higher, not a lower,
system noise temperature at 24 GHz.

• Teligent uses an "lolNo Allowable to FSS Interference" of -15 dB, which is to say
that it demands that interfering signals be 15 dB below the DEMS noise floor.
DlRECTV believes that a more reasonable value used in IolNo analyses to be -12 dB.
DIRECTV believes that -12 dB offers more than a sufficient margin to avoid

It is true that, for a given antenna size, higher frequencies produce higher gains. But for
a given beamwidth, gain is independent of frequency (because a smaller antenna will be
needed to provide the same beamwidth at the higher frequency).
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interference, without having any effect on link availability. This corresponds to only
6.3% added noise to the DEMS system, compared to using a - 15 dB value.

• Teligent has completely ignored the effect of atmospheric attenuation in its analysis.
Specifically, water vapor absorption at 25 GHz causes approximately 0.15 dB/km
(0.24 dB/mi) of attenuation. At a distance of 94 miles, as in Teligent's Case 6, water
vapor absorption would cause over 22 dB of attenuation to the interfering signal, thus
significantly decreasing the potential for interference from a BSS uplink.

5. DETAILED ANALYSIS

As set forth below, Teligent's analysis is misleading in many respects and
overstates the scope of the potential problem. Moreover, it ignores the use of interference
mitigation techniques that can be used to reduce the zone of potential interference around the
BSS feeder link site. This approach is seriously flawed in that it sets hard limits in miles where
the key constraint should be power flux density levels from a BSS feeder link into a DEMS node.

A power flux density (PFD) limit of -176.6 dBW/m2/Hz at a DEMS node
provides for an IolNo of -12 dB with a DEMS nodal antenna receive gain of 16 dBi and a system
noise temperature of 30.6 dB°K. A BSS feeder link would be designed to meet the PFD limits at
the nearest DEMS node. Field strength measurements could be made to ensure that these limits
are met before operation of the feeder link. This method of coordination provides for maximum
flexibility of location for both BSS feeder links and DEMS service areas.

DIRECTV has prepared an IolNo interference analysis to determine the severity
of the interference from a proposed BSS feeder link into a DEMS system. Included in this report
are four interference cases and the potential interference zones associated with each set of
parameters that meet the sample PFD limit of - 176.6 dBw/m2/Hz.

Case 1: Teligent's Case 6 from their July 31, 1997 filing in this matter is provided for a
comparison with DIRECTV's results.

Case 2: Assumes all of Teligent's parameter values from their Case 6 analysis, but accounts for
atmospheric losses that naturally mitigate the interfering signal. Merely adding the
effects of water vapor absorption at 25 GHz decreases Teligent's proposed separation
distance from 94 to 36 miles. This case illustrates that if Teligent had simply accounted
for the well known atmospheric effects at 25 GHz, Teligent's proposed separation
distances would decrease dramatically, even without considering the significant
ameliorating effects of other mitigation techniques.

Case 3: DIRECTV's analysis using shielding at the feeder link to provide 40 dB of protection,
and a more reasonable IolNo of-12 dB. The coordination distance reduces to 0.2
miles.
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6. CONCLUSION

Spectrum sharing between DEMS and BSS feeder links in the 25.05 to 25.25 GHz
band is not only possible, but quite feasible with the cooperation of the service providers.
Several types of mitigation techniques would facilitate sharing and should be explored.

As evident by the DIRECTV analysis, with only minimal shielding, whether from
natural or artificial means, BSS uplinks can be located very close to DEMS modes, yet still meet
a PPD limit that allows DEMS systems to operate without unacceptable interference from
neighboring BSS uplinks. Thus, BSS uplink and DEMS coexistence is possible in neighboring
areas.
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Table 1: la/No Interference Analysis Between BSS Feeder Links and OEMS Stations

Case 1: Case 2: Case 3:
Teligent Analysis DIRECTV

Teligent Most Plus Atmos. Analysis With

Parameter Units Recent Analysis Atten. Shielding

1 OTV Uplink EIRP (on-axis) dBW 76.1 76.1 76.1
~ Off-Axis Loss dB -76.6 -76.6 -76.6

3 Shielding dB 0.0 0.0 -40.0

4 Bandwidth (24 MHz) dB-Hz -73.8 -73.8 -73.8
0-

5 Uplink EIRP Towards Horizon dBW/Hz -74.3 -74.3 -114.3
--

6
7 OEMS System Noise Temp. dBK 29.1 29.1 30.6

8 Boltzmann's Constant dBW/KlHz -228.6 -228.6 -228.6

9 Noise Power Density (No) dBW/Hz -199.5 -199.5 -198.0

10
0 ----"---

11 lo/No Required dB -15.0 -15.0 -12.0

12
13 10 Max from Satellite Uplink dBW/Hz -214.5 -214.5 -210.0

14
15 OEMS Receive Antenna Gain Towards DTV Feede dBi 23.8 23.8 16.0

16
17 Isotropic Area dB-ml\2 -49.4 -49.4 -49.4

----
18
19 Atmospheric Loss (at coordination distance in line 2 dB 0.0 -8.5 0.0

20
21 Required Spreading Loss dB/m"2 -114.6 -106.1 -62.3

--

22
23 Coordination Distance km 151.5 56.9 0.4

24 miles 94.1 35.4 0.2

25
26 Power Flux Density at OEMS Node dBW/m"2/H -188.9 -188.9 -176.6
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and Interference Mitigation Techniques
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•

Intradu~tlon

Traditional frequency coordination among microwave systems, and between
microwave and satellite systems pernits di££erent licensees to operate in the same
frequency band. The sharing of technical information as well as information about the
locations of existin~ transmitters and receivers facilitate~ coordination utilizing both
physical separation and fr~quency separation. These same traditional approaches will
provide sufficient isolation bet\'.l'een 18 GHz DEMS microwave statiollS and Teledesic's
proposed NGSO·PSS stations so that the two services may coordinate within that
portion of the 18 GHz band in which they ale co-prinwy. In addition, there arc
network control technologies and ad'..anced signal processing technlques ~uch as power
control and. more robust antenna implementations that will support new frequency
coordination methods between OEMS and. NGSO..F$.

Action. of OEMS and NGSO·FSS Systam. to Mitigate Interference

In light of the fact that OEMS systems are c=unently in place and continuing to be rolled
out, there are several ~peci£ic DEMS and NGSO-J:SS procedureg that could enhance
.&equency coordination at ltte time when Teledesic begiN offering service.

r,.dJr/on.' Appro.ch..

Both OEMS and NGSO-FSS system operators an take the following actions to promote
specnum sharing and mitigate interference:

• Information Sharing: sharing of full information on stations between OEMS and
NGSO-FSS licensees

• Natural Mew of Physical Separation: use of an appropriate interference criteria
based uponC/(Ntt) in conjunction with buildi:ng blockage data infrequency
coordination clkWatiON

• Additional Melftl of Physi,aJ Separation: adding shielding to block
transmissioN to ot' from specific directions

EnhllnCN Approach..

OEMS systems and NCSQ.FSS systems can also take advantage of the following
advanced methods to mitigate interference and enhance freque.t\CY coordination:



CoordltliJliofl Approaches ,)lid In 'f'derem: t?' MItigatIon Tec.-hmqlJe::;

• Powc:r COfltrol: Both systems could c\u~~tivdy reduce power during dear air and
raise power Juring rain. OEMS systems could reduce pO""'er of t..:"ser Stations
according to distance from Nodal Station.

• Antenna Pattern Improvement: NGSO..FSS systems could employ anterulas with
better discrimination characteristics as wt!ll as with nulling in specific direction.;.

• Frequency S~piUation, Coding and. Filtering; NGSO-FSS systems could employ
channel plans that conform. to terrestrial sY'5tem channel plans so that the NGSO
FSS system could avoid frequencies already in use in certain areas but continue to
operate all the remainiJ'l.g NG50-PSS frequencies in those areas. In the alternative,
such NGSO-FSS systems could employ interference mitigation coding or notch
fihering that takes advantage of the relatively narrow bandwidth of DEMS signals
compared to the Teledesic bandwidth of 500 MHz for its downlinks.

•••

Tn those rare instances where interference could n.ot be mitigated, ope:ratiftg
agreements between DEMS Clnd NGSO·FSS 'ystems could requlN OEMS systems to
carry traffic for the NGSQ.FSS system.

•••

Tradition.' Appro.ohle

Inform,tJon Sh.ring

An essential element of frequency coordination is the sharing of licensee information
such as transmitter and receiver locations and techNal characteristics. In the past, one
or more central c1earingho~es of such <lata have been used as the basis of frequency
coordination calculations. It is esaential that llce1'lSee5 and applicants continue to have
access to such information in the future.

The rules for OEMS 40 not require that DEMS licensees make avaUable such
l1'\formationabout OEMS t:ser StatiOl'\6 to the public. While public availability of this
information is not needecL licensees and applicants could voluntarily &hue the data
among thetNeIves. Smce the number of affected lkensees in the DEMS portion of the
18.8·19.3 GHz band is small, private contractu.al agreements among licensees would be
sufi:lcjellt to provide for such information sharing. OEMS Nodal Station infonnation
would continue to be part of the FCC's license data bues Uld would be available to the
pUblic.



Cootd/flJ(IOIJ ApploJches .l"d Infet1eretlLC Mir'9at'Of) rel"hnlqlJe~

With respect to NGSO-FSS earth sbtions, it is presumed thc:lt these earth stations will be
Iicet'lSed for tne iull16.8·19J GHz band. Because a portion of this band will be shared
'N'1th individually-licensed point·to·~ointmicrowave links, these earth .l:itations will also
have to be Individually licensed and roll details will have to appear in public records.

Coordination of New Transmitters. A new station must not cause interference to
exisnng co-primary stations, and should not receive (or at least must accept)
interference from existing statiOt\9. Since the 18.8-19.3 GHz bar\d is now atlocatt!d on a
co-primary basis to FS a.'ld FSS systems. this non-L."terference principle would apply
both to new OEMS stations and new :;-.JGSO-FSS stations.

The frequency coordiT'\ation process fOT a new OEMS station will operate as follows.
First, the DEMS licensee will have access to a data base of licensed NGSO~FSS earth
stations, as well as its own existing DEMS stations and (if near a SMSA boundary)
stations of other DEMS licensees. The DEMS lkensee will choose a tentative site and
calculate whether a OEMS transmitter at that site will cause interference to any NGSO·
FSS stations, and whether itwUl cause ur receive intetference from. any "'nearby" OEMS
slatlon. The calculation will take into account earth curvature blockage, terrain
blockage and building blockage. It will also take into account any relevant technical
details of the NGSO-J:SS and DEMS stations.

TIle tmn "nearby station" is a way of describing the "coordination area" required by
ITU-R recommendations and FCC Rules. But under these rules, coordination extends to
and beyond distances where the likelihood o£ interference is negligible. see rru-R
IS.847. Thus, theH calculations will typically cover many stations and Will determine
that interference is a possibility for only a very small number, if any.

N.tura/MNn. ofPhysic. S.p.ratlon

Physical separation employs shielcling to assure that the signal strength of the wanted
signal is much higher at the receive location than the signal strength of the 1l1\wanted
signal. Most such shielding occurs natul'ally, rather than being installed to solve a
specific lllteDerence problem. The curv~ture of the earth provid~ shielding; a radio
signal that propagates along a straight lines is blocked by the curvature of the earth.
IneguJar terrain pro\ides shielding, and the magnitude of thiJ shielding ean be
calculated using digiti:Zed terrain maps and commonly appUed methods of evaluating
losses on diffraction paths.

Building! cause sh1elding, but until recently data bases did not exist to 5Upport
calculations of the shielding caused b). buildings. Now, however, there are databases
of building locatioN, shapes and heights fer use in signal propagation ~aIcu1ations.
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Coordlrl,)I'Oll A~p'O.Jches .1fId /nrerlcrctJce MIt,g.,flon TechIlU,"CS.

Prelimin,-ry analyses of such datil show tha!:, in W~shingtonDC, block48~ by
Intervening buildings results in a relatively high likelihood of path bloc~<agebetween
any two buildings in town. Thus, for a..~y reasonable number of OEMS tran~mitters in
town, a large nwnber of buildings will be suitable antenna sites for Teledesic bCCCluse
rooftops of these buildings will be shielded from all DEJ.'vtS transmi.s~ioru;.

Foliage loases also contribute to isolation between stations, but the effects are seasonally
and environmenta.lly dependent. Nonetheless, any predicted mitiga.tion losses due to
earth curvature, terrain and building blockage will be enhanced in some cases due to
foliage losses.

Additional Meens 0'Physical Separation

In adCiition to naturally occurring shielding, shielding may be added at antenna sites in
the form or antenna shrouds or other structures. Teledesic's NGSO-FSS antenr.as,
which are horUor.ta11y mounted phased array~or mechanically steered dual antermas,
can have shrouds, shielding matierals, or shie\ding walls erected around their perimeter
or in the direction of the unwanted signal, Since the Teledesk antennas always have
signal elevation angles exceeding 40 degrees, the height of the shielding wall could (for
e='Cample) be set to achieve blockage of all signals at 20 degrees elevation or less. In this
ease, trigonometry shows that a shielding wall 3 feet from the antenna would need to be
1 foot high. In the 28 GHz Negotiated Rulemaking, the interference protection
provided by shielding devic:es such as berma was estimated at more than 40 dB. Even
minimal ef£om at shielding are ex~cted to produce isolation of 15 dB (tTU.R Report
No. 831-1).

AnteMa shielding can be quite inexpensive, For example, neoprene shielding material
is available in sheets 1 foot X1 foot Xf/~ i1\c:h thick, at a typical COft of $12 per square
foot. Such shielding ~terial could be installed on a frame tilce a f4 window sun visor"
that allows the shielding to be configured at an appropriate direction and angle. Such a
device need only be inatalled in the direction of the unwanted Signal. Moreover
combinations of shielding IIUltieral and fiberglass shrouding could be employed. For
antennas such as TeIedesic's, installation should pose few problems.

Then. for example, if interference into an existing NGSO-FSS station is calculated to
cx:cur, the OEMS li(.."t!~ has several choices. It may move its new station to a different
location at the site or·even to a different site. It may add shielding at the OEMS station
site to block the signal in the direction of the NGSO-FSS station. It may offer to add
shielding at the site of the NGSO--FSS. It may offer to move the NGSO-PSS station to
take advantage of building blockage.
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COOf(I/ftiJCIOIJ ApPfoacl.(:s imd Interference Millg,l/wn Tp.dlflftr lJ ...,

If a. new NCSO·FSS station seeking to be :nstalled in an area where a. DEMS system is
licensed, and if calculations show that intetfe[~r.ce to the KGSO-FSS station is likely, tr.e
station coutd be moved. or shielded, or shielding could be added to the OEMS station.
Or. the NGSO·FSS 9tation cauld agree to Accept such interference. which would be
equivalent to accepting a secondary rather than co·primary allocation itt th~ 100 MHz
portion of the 500 MHz NGSO·FSS band that is shared with DEMS.

The ge.neral principle in frequency C'oardination is t1uzt reasonable offers to mitigate mtcrfrr(!'11cc
at the erpenst of the neWcomer may not ~e unre45C71ably refused. The newcomer has the
burden to mitigate interference, and is allowed to pay the e,;pense of reasonable
modifications to existing systems. if those modifications will allow the newt:nmprs
system to operate without interference. See Eeonomic Techniques for Spectrum
Management, by Carson E. Agnew. Math Tech, Inc., December 29, 1979, prepared for
the Office of Plans and Pollcy of the Federal Communicatiort-' Commission.

Interference Criteria and Cllculated Separation Di.tince•• The appropriate
interference criterion for freque!\cy sharing aI'lalyses is /lCj(N+I)," the ratio of the
wanted signal to the sum of noise and interferell'e. This is because

interference, in most practical circumstances, does not of itself cause errors but
enhances the ability c.>f themul noise to cause errOrs.... mJ-R Report 877-1, p. 1.

In contrast, the use of "cit" the ratio of the wanted signal to interfereru:e alOl\e, is not
appropriate.

The Te1edesic system is designed to accept an interference criterion level of C/(N+I) •
6.5 dB. Calculations using this critQrion and realistic estimates of OEMS power levels
have shown that in clear air, and with no additional shielding, a OEMS nodal station
can be as close as 28 feet from a Teledesic: earth station and not ~ause intmetet\Ce to the
earth station; in order to protect against irLterference even in heavy rain, assumed to
OCtu: only 0.1%of the time or abnut 1.5 minutes per day, DBMS nodal statioN would
have to be separated. 300 feet &om the !eledesic euth station. See ltSetti.ng the Record.
Straight: In1erference Issues ~tween 18GHz DBMS and. the Proposed Teledesic NG50
fSS Satellite System," October 11, 1996, prepared by Enc N. Bamtwt.

Enhanctd Approach••

While the previow sections suggest that the traditional &equeN:Y coordinatian
methods based on physical separation and signal blockage will usually be su£Bcient to
allow DEMS and NG~FSS to shAle the 18 G& spectrum, there ate additional
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tech1\iques that can further enhance such shartng. These methods, which are describec.
in the following pa%agraphs, include power control, antenna pattern. impro"ement, and
frequency separation.

Power Control

OEMS system design employs Nodal S~tionswith broad beam. antenn.as to
cOfiUnurticate with User Stntions that are distributed throughout the area covered by
the Nodal Station signal. The OEMS User Stations may be separated from the Nodal
Station by distances that vary from a few hundred meters to a few kilometers. For a
maximl.un OEMS cell size, the DElYfS US~Station 15 desigr.ed with a maximum
transmit power that is just sufficient to "close the l!nk." between the Nodal Station and
User Station. User Stations that are closer to the Nodal Station than this hypothetical
maximum distance may be installed with lower power levels. Frequenc:y coordination
calculations must take into account the actual (i.e tower than maximum) power levels of
these d05e-in User Stations, rather than using some maximum transmit power level.

Fixed microwave systems have traditionally been designed to transmit with sufficient
power to p'fovide adequ~te margin agaiNt tain fades. This 1Ueax~ that, in order to
protect agaiNt a rain event that occurs (for example) 0.1 %of the time, the transmitter is
using a higher power than needed 99.9% of the time. New network c:ontrc"ll techniques
make it possible to employ adaptive power control so that transmitters need raise their
power level& only when rain events oe~r.

Adaptive power control could be used in OEMS networks as a way to mitigate
interference into NGSO..r5S stations. Thi& would mean that interference might occur
only during infrequent rain events when the DBMS power levels were raised.
Depending on the physical relationships between tt'ansmitters and receivers and the
location of the rain, the rain itse1l could act as a shielding medium to reduce or
eliminate interference during rain events, even if DEMS power levels were inaeaaed.
Moreover, if the NGSO-PSS spaceaaft system Were! designed. with power control fer its
spot beam antennas, it could similarly raise its power levels during rain events to
further reduce inter£erezu levels.

Antenn. PtftIm ImptoVlm.nt
Another fonn of shielding or physical separation is antenna directivity~ which in effect
block! the signal traNmissionjreception in particular directions. Two speciiic types of
improvement in NGSO·FSS ante.Ma directivity are feasible, improving the sidelobes
and creating nulls.
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The antenna. sidelobes of horizon~al flat pla~e ar.tennas could be improved if the flat
plnte is repla~ed with a pyt'amil.1~l ~t1'Ucture with a flat tap. All faces would not be
active simultaneously, only those with adequate visibility in the direction of the
satellite. Flat plate antennas produce the be~t performance when the beam is directed
perpendiC"Ular to the plate, and !:he worst performance when the beam. is tilted al a laL'gc!
angle. A pyramidal antenna structure would allow a sma.ller beam tilt angle when the
beam is at the lowest elevation.

Electrically-steered pbased array antennas, such as those Teledesic plans to use, can
~mploy advanced signal processing to create nu1l5 in a particular direction. These nulls
could then be pointed at any DEMS transmitter that is near enough to cause
lnteTf~rence. There are three kinds of antenna nulls I:1ut are technical feasible. First,
permanently fixed nulls are ah...ays pointed in a specific predetermined direction, and
must be installed with the null pointing toward the interferer. Second, steerable nu11s
are under software control and can be pointed in the necessary directioM at the time of
installation. Finally, adaptive nulling or adaptive 9ignal cancellation involves signal
processirlg by circuitry in the receiver to cMeel the unwanted signal.

Perhaps the simplest way to mitigate interference using anterma techniques is the u.qe of
a slightly larger dish antenna in the NGSO-FSS earth station. Aslightly llU'gcr antc:u'U1
offefS improvement in link margins in two ways. Fir~t, a larger antennahas more on
axis gain which increases the signal level of the wanted signal. Second, it also has lower
sidelobe gain, which decreases the signal level of the unwanted signal. As has been
shown separately, a small irlcrease in antenna diameter can substantfally improve the
NG50-PSS link 1'1'W'gin.

Frequency s.p.rat/on, Coding .ndFln."n,

Frequency separation is a traditional apptoach based on U&e of a channel plan and the
assignment of different channels to nwby users whose systems are not physically
shielded from one anothet. However, the Teledesic design, which employs a single sao
MHz wideband channel, may not be able to take advantage of this method.

The use of a ch.a1'mel plan allows different licensees and dtfiezent services to share a co
primary fn!quenq ban<! at a location in a flexible, informal manner according to usez
needs, rather tha:n by means of a rigid band segmentatinn plan.

Thus. lor example. Section 101.141 of tha PCC's Rules contaiN a \-ariety of channel
plans for Various parts of the microwave radio spectrum. Similarly, Sec:tion 25.211(a)
contains a channel plan for vldeo transmiS8inn from Cband satellites, because this band
is also used by terrestrial miaowave systems. This chaMel plan was mtet\d.ed to
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minimize i.:ntmerence with microwa~1!operations that conionn to the channel plaI'l in
5€ction lOl.147(h).

The Commission could similarly de'll(!lop a channel plan for NCSO-FSS operations in
the 18.8·19.3 GHz band that will allow both terrestrial microwave and NGSO·FSS
licensees to use the portion of the band that they need. in the place where they need it.
The channel plan for 18 GHz terrestrial users in Section 101.147(r) serves as a staJti.ng
point for such a ~Gso.FSS channel plan. In this way, Teledesic could avoid the 100
MHz of OEMS spectrum in areas where OEMS transmitters are located, but continue to
operate on ~he remairlirtg 400 MHz of NGSO-FSS spectrum in those areas. In.,ontrast,
Teledesic seems to be arguu"lg that a siI'lgle un~hannelizea 300 MHz wideband radio
channel, such as embodied in its current desigI\l might be susceptible to interference
across its entire 500 MHz froID aDE~ tIa.nstnitter opera.ting on only a 10 MHz DE?vtS
channel within the 500 MHz.

To the extent that !eledesic has not yet taken into account such a channel plan in their
system design, there would appear to be sufficient time to modify such designs;
Teledesic has reported that its design at this time is still entirely on paper, with no
hardware development.

Another approach that could be employed to mitigate interference from narrow band
OEMS signals into Teledesic's wideband signal is direct sequence pseudorandom
coding. This approach. commonly used in spread spectrum technologies, has the effect
of spreadmg the W'lwmted nanowband signal so that it is treated as very low power
noise. In view of Teledesic's very wide bandwidth and the relatively narrow
band",idth of OEMS systems, sucl\ an approach may be appropriate here. An
altemative and perhaps simpler approach would be the installation of narrow band
notch filters at Teledesic's receivers.

Thi3lack of matmity in the Teledesic design offen an opportunity for Teleclesic to
modify its technologieJ and amend its application so u to improve frequency sharing
and wtigate It\ter£ennce with respect to both OEMS and point-to-poinl: miaowave
systems. For example, in the two and one half yem :Knee Te1edesic's application Wa!

submitted di!c:rete multitone modulation techniques have emerged that transmit a
"combw o£ multiple carriers. This approac~ and a related approach known as OFDM or
COFDM being u3eCl in Europe for digital broadcasting, allow9 fUl-time adaptation of
the modulation parameters to avoicllmpaUed portions of the spectrum. Moteovet', the
rec:ently-filedMotorola M-star system. applic:ation appears to employ a design that
1/ permits <:ol'lSiderable fleXibility in the channelization within the uplink and downlink
banda." M-5tar· Application. p. 35.
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In simple terms, this means that the proposed Teledesic design of a single 500 MHz
wideband transponder is unique in the satellite comn:~uni~lltiOl'\Sworld for being
"unhiendl}'" to sharing its spectrum with cc·primary terrestrial usersl especially since
the Teledesic design Joes not support frequency separation. nor employ filtering
techniques or coding which takes advantage of the narrowband.wi.d.thof OEMS signals
compared to the proposed Teledesic downlink bandwidth. Tn contrast, both older C·
band satellite systems and the newer M-Star system have been designed. with frequency
separation as an element of spectrum. sharing.
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